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From 1934 to 1942 the Lake States Forest Ex- 
periment Station operated 10 large lysimeters at 
the Upper Mississippi Valley Soil Conservation Ex- 
periment Station, La Crosse, Wis. For several rea- 
sons, the results have not previously been written 
up. This is the first and final published report on 
the experiments. 


The lysimeters were 20 feet long, 10 feet wide, 
and 4 feet deep. They were filled with undisturbed 
blocks of Fayette silt loam, a loess, plus an 8-inch 
layer of topsoil. 


After a test period of about a year, treatments 
were established, and surface runoff, percolation, 
and soil loss were measured for 6 years. The treat- 
ments in six lysimeters were: hardwood seedlings 
with leaf mulch (two lysimeters ), hardwood seed- 
lings without leaf mulch, Scotch pine seedlings with 
needle mulch, grass, and annual grain. Results 
from the four other lysimeters are not given be- 
cause of faulty percolation records. 


Analysis of the data showed a strong interaction 
between treatment and season. Growing-season 
runoff from the mulched trees and grass was low 
compared with dormant-season runoff, whereas the 
reverse was true for the annual grain. The un- 
mulched hardwoods were in between. 


During the growing season, 6-year runoff aver- 
ages for the mulched trees and grass ranged be- 
tween 0.46 and 0.65 inch. In contrast, the un- 
mulched hardwoods and the grain averaged 3.68 
and 6.49 inches. Most of the runoff came from a 
few high-intensity storms. During the dormant sea- 
son, the effect of treatment on runoff was much 
less pronounced, probably because of uneven ac- 
cumulation of snow and frozen ground on the ly: 
simeters. — 


SUMMARY 


Most of the percolation occurred during the 
dormant season. Only the two mulched hardwoods 
yielded significant amounts (an average of 2.1 
inches) during the growing season. Annual vari- 
ation was high in both seasons. Treatment effects 
on dormant-season percolation were not clear-cut, 
for the same reasons as given for runoff. 

Soil loss was very low from all the lysimeters 
that had a protective cover, and high from those 
with unmulched hardwoods and the grain. Most of 
this came from growing season rainstorms. 

During the experiment the trees grew from rows 
of small seedlings to dense stands of saplings. Al- 
though the trend is not too clear-cut, growing sea- 
son runoff appears to have decreased with time 
on all but the annual grain lysimeter. 

Percolation from the mulched trees during the 
growing season showed a general decrease with 
time, but whether this is a real time trend or mere- 
ly the result of climatic variations may be debat- 
able. 

The effect of time on soil loss from the un- 
mulched hardwoods lysimeter was more _ pro- 
nounced. It dropped from 17.1 to 0.2 tons per acre 
in 5 years. The other lysimeters showed no change 
with time. 

A separate analysis of individual periods of 
percolation showed that almost all the percolation 
occurred in the spring months, the result of melt- 
ing snow and spring rains on wet soil. Percolate 
flowed for as long as 20 days without rainfall. 

Analysis of the water budget showed that evapo- 
transpiration accounted for about three-fourths of 
the precipitation. The figures agree well with other 
lysimeter studies made at the same location, and 
with estimates made for Madison, Wis. Total water 
yield from the lysimeters compared favorably with 
streamflow records from a nearby watershed. 


INTRODUCTION 


For 8 years, beginning in June 1934, the Lake 
States Forest Experiment Station operated 10 large 
lysimeters at the Upper Mississippi Valley Soil 
Conservation Experiment Station near La Crosse, 
Wis. Three lysimeters were seeded to native hard- 
wood species and one was planted to Scotch pine 
seedlings. The other six were planted to grass or 
field crops or were given special, nonvegetative 
treatments. The first 2 years were used to test 
the uniformity of percolation, and to establish 
treatments. Treatment comparisons began with the 
third year and were continued for 6 years. 

Sometime during the experiment, the percola- 
tion pipes from six of the lysimeters broke, invali- 
dating, for the most part, the percolation records 
from those lysimeters. Since the percolation pipes 
were buried under about 5 feet of soil, the breaks 
were neither perceived nor investigated until after 
the experiment had ended and when, in Bates’ 
words, ‘‘analysis of the data showed some impos- 
sible relations.” 

Fortunately, the tree-covered lysimeters, all 
four of which were on the west end of the in- 


THE AREA AND STUDY OBJECTIVES 


The study site has been well described by Hays 
et al. (1949).! It is in the Driftless Area, an un- 
glaciated region of some 10 million acres, mostly in 
Wisconsin, but also extending across the Mississip- 
pi River into the southeastern corner of Minnesota 
and into northeastern Iowa and down into Illinois. 
By some mysterious quirk of nature, the conti- 
nental glaciers bypassed this area, leaving it a dis- 
sected plain, now weathered into an intricate drain- 
age patiern. Flat or gently rounded ridges are a 
peculiarity of the landscape. Forests, predominant- 
ly oak-hickory, occupy only the very steep hillsides 
between the cultivated uplands and lowlands. 

The lysimeters were located near the top of 
a windswept ridge. The ridgetop soils are loessal 
silt loams mapped either as Fayette or Dubuque. 
Colloidal content is low, but they are productive 
agricultural soils, and this has led to extensive 


1 Names and dates in parentheses refer to Literature 
Cited, pages 21 to 22. 


stallation, functioned properly, and the runoff and 
soil loss records for the other six were not affected 
by the malfunctioning of the percolation systems. 
One of the broken pipes, from a lysimeter with an- 
nual crops, had just a slight leak; Bates stated, 
“Do not believe (leak ) caused either loss or gain.” 
Although its percolation record may be slightly 
suspect, it has been used along with the “good” 
records. 


This paper is the first and final report on the 
study. Because of the broken pipes and the pre- 
mature ending of the experiment with the outbreak 
of World War II, the study yielded less information 
than was originally expected. Even so, the results 
are still pertinent — perhaps more so today than 
they would have been 10 or 20 years ago. The 
question of how much water is used and how much 
is made available for water supply by different 
kinds of crops is still a long way from being com- 
pletely answered. The knowledge gained from this 
study should be a useful contribution toward this 
end. 


overuse. Cultivation of slopes steeper than 30 per- 
cent is not uncommon. 

Annual precipitation is about 32 inches. Two- 
thirds of this falls from May through September, 
much of it as high-intensity, convection storms. 
The ground normally freezes every winter, some- 
times to a depth of 4 feet or more on openland, 
and this often contributes to spring floods. These 
things, combined with the land-use pattern and the 
erosive loess soils, have made the Driftless Area a 
land of flash floods and spectacular erosion. 

From previous studies, Bates (1930) and Bates 
and Zeasman (1936) had found that there was 
practically no surface runoff on well-forested 
slopes. The lysimeter experiments were planned 
to find out how much of the infiltrated water was 
likely to become available as ground water, spring- 
flow, or streamflow, and how the water budget 
and soil loss differed for forest and nonforest 
crops. 


At the time the experiment was begun, lysi- 
meters had not been used extensively in this 
country. One notable exception was a series of 12 
lysimeters operated at Cornell University (Lyon 
et al. 1918 and 1930). However, most of the liter- 
ature was from European experience and was ap- 
plicable only in a very general way. An extensive 
review of these earlier experiments has been given 
by Kohnke et al. (1940). 

Three other installations of large lysimeters, 
also constructed during the 1930’s, have since be- 
come well-known. The monolith weighing lysi- 
meters at Coshocton, Ohio, have been the subject 
of many papers. A recent progress report by Har- 
rold and Dreibelbis (1958) gives the 10-year rec- 
ords from 1944-55. This report also contains a 
thorough review of lysimeter literature from 1939 
to 1955. Colman and Hamilton (1947), in a two- 
part publication, described construction of the San 
Dimas, Calif., lysimeters and the relative perform- 
ance of four different sizes. More recently, Sin- 
clair and Patric (1959) reported on the operation 
of these lysimeters and gave results of some of 
the treatments. Compared to bare soil, all vege- 
tation markedly decreased surface runoff and cor- 
respondingly increased infiltration. Evapotranspir- 
ation from vegetated soils was two or three times 
greater than from bare soil. Grass-covered soils 
yielded the most percolate. 

Patric reported further on the large San Dimas 
lysimeters (1961la) and in another publication 
(1961b) assessed their value as a tool in forestry 
research. He concluded that lysimeters are a poor 


Construction 

Construction of the lysimeters and the instal- 
lation itself have been fully described by Scholz 
and Stoeckeler (1940). However, the more impor- 
tant points are repeated here for convenience. 

The completed installation consisted of 10 lysi- 
meters, each 10 by 20 feet, or about 1/200 of an 
acre. They were 4 feet deep and were on a 10- 
percent slope that faced N. 79° E. Walls and floors 
‘were of reinforced concrete. They were built in 


LITERATURE REVIEW 


place for raising trees because the root systems are 
confined, and that, therefore, lysimeter results are 
at best only relative. 

Zinke (1959), who also worked with the San 
Dimas large lysimeters, studied comparative mois- 
ture depletions under Pinus coulteri and under 
barren conditions. He reported that loss rates 
were nearly the same at various soil depths in the 
pine lysimeter, but that they diminished with 
depth in the bare lysimeter. 

Construction and performance of the ‘Base 
Rock” lysimeters at the Sierra Ancha Experimental 
Forest were given by Martin and Rich (1948). 
Later, Rich also reported on further results (1959 ). 
He said that surface runoff and erosion increased 
as grass densities decreased, and that winter yield 
of percolate appeared to be independent of vege- 
tation densities. 

Other classic works on lysimetry are presented 
in the Symposium of Hannoversch-Munden ( Inter- 
national Association of Scientific Hydrology 1959). 

Good discussions of the various types of lysi- 
meters and the limitations of each are given in 
the papers cited above by Harrold and Dreibelbis, 
and by Colman and Hamilton. The latter also dis- 
cussed the presence of a “‘perched water table” in 
confined lysimeters and suggested design features 
to eliminate this unnatural condition. The recom- 
mendations were based on earlier studies by Neal 
et al. (1937) and by Richards et al. (1939), and 
on a later laboratory study by Colman (1946). 

Other works that relate to this paper are cited 
at appropriate places in the text. 


THE LYSIMETERS 


pairs, each pair having a common wall. This was 
6 inches thick and had a trough-shaped top to dis- 
pose of rain that fell on it. The pairs were separ- 
ated from each other by a 3-foot strip which was 
later seeded to grass. Construction details are 
shown in figure 1. 

The lysimeters were filled with natural profile 
blocks of the loessal Fayette silt loam. This is a 
well-drained, gray-brown podzolic soil commonly 
found on the ridges and upper slopes of the area. 
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The undisturbed soil blocks or monoliths, which 
were 36 inches high, 22 inches wide, and 12 inches 
thick, were cut from a nearby borrow pit (fig. 2). 
They were cut out by means of special tools and 
were fitted into a steel casing for moving to the 
lysimeters. Since the uphill walls of the lysimeters 
had not yet been constructed, the blocks could be 
wheeled right into place. A block weighed about 
900 pounds. 

They were placed in the lysimeters in rows — 
18 rows of 5 blocks each, or 90 per lysimeter. The 
blocks were spaced as uniformly as possible with 
about a 2-inch-wide space between them. These 
seams were filled with a viscous mixture of soil 
and water which was tamped in tightly. The blocks 
rested on a 2-inch layer of permeable sand and 
gravel so that percolated water would flow rel- 
atively unimpeded along the floor of the lysimeter 
to its outlet pipe. 


F-331079 
T'IGuURE 2. — How soil blocks of loess were cut from a 
natural profile. 
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Ficure 1. — Lysimeter construction details. 


After all the soil blocks were in place, the up- 
hill walls were built. Later, an 8- to 10-inch layer 
of topsoil was distributed over the surface. Some 
time was allowed to elapse before putting on the 
topsoil. This was to permit ‘“‘amalgamation”’ of the 
soil blocks with the material that had been tamped 
into the seams. During this interval, 8.4 inches of 
rain fell. Before applying the topsoil, the blocks 
were shaved off to a uniform level. 


Operation 


Surface runoff and percolation were measured 
by catching the amounts that came from each 
lysimeter in calibrated tanks that were located 
in a shed about 12 feet downslope. Small amounts 
were weighed. Three-inch pipes leading from a 
trough in the lower end of the lysimeter carried 
the surface water and soil, while smaller pipes that 
drained from the bottom of the lysimeter carried 
the percolate. The amount of soil in the runoff 
solution was determined by drying and weighing 
samples of the solution. At first, runoff volumes 
were corrected for soil content, but when the dif- 
ferences were found to be small this was discon- 
tinued. 

In June 1936, a tipping bucket system was in- 
stalled as an additional means of measuring both 
runoff and percolate. This system, which was 
hooked up to a 20-pen Bristol recorder, provided 
a continuous chart record automatically. 

Precipitation was measured by a Ferguson re- 
cording gage placed near the installation. The 
gage was fitted with a Nipher-type shield to mini- 
mize errors in gage catch that result from wind 
movement. 


Pretreatment Testing of Lysimeters 


After the topsoil had been spread on the lysi- 
meters, contour ridges were built, spaced at about 
32-inch intervals (fig. 3). This was done to prevent 
runoff and erosion while treatments were being 
started and to test the uniformity of percolation. 


The testing procedures were somewhat in- 
volved. The results were inconclusive, and the in- 
ferences drawn from them were somewhat con- 
flicting, depending upon the period of time that 
was considered. Unequal distribution of snow ap- 
parently caused most of the difficulty. 


According to Bates’ unfinished report: 


The plan for the first year was to give 
percolation capacities a severe test, surface 
runoff being precluded by the ridges or ter- 
races that had been formed in the soil... 
measurements were begun by drawing off 
the percolate into cubic foot buckets ... the 
time required to fill a bucket was recorded. 

The data clearly show that there existed 
differences in the freedom with which water 
could be delivered. The same general charac- 
teristics were exhibited by the several lysi- 
meters throughout the whole period of meas- 
urements. 


Bates then went on to say that these differences 
in the discharge rates did not necessarily imply 
differences in amounts. 


F-331095 

FIGURE 3. — Completed 
lysimeters before treat- 
ment. The terraces 
were built to prevent 
runoff and_ soil loss 
during the first year of 
seedling growth, and to 
test the uniformity of 
percolation. The lysi- 
meters have a 10-per- 
cent slope to the right. 


Scholz and Stoeckeler (1940) state: 


A preliminary check of the performance 
of the 10 lysimeters as judged by the amount 
of percolation water obtained over a period 
of 9 months revealed that the average perco- 
late from the lysimeters was 148.8 cubic feet, 
with the maximum variation from the aver- 
age amounting to only 3.7 percent. This very 
close check would indicate that the grout- 
filled seams offer no serious obstacle to ob- 
taining results which are strictly comparable. 

An unpublished manuscript by Scholz and Bates 
says:? 

.. , direct percolate from rain (June, 
1934, to February, 1935) shows a very satis- 
factory degree of uniformity in the behavior 
of the lysimeters. .. . The considerable vari- 
ability in total percolation is plainly related 
to the spring or snow-melting period of 1935, 
and this in turn to observed variations in the 
depth of the snow mantle... . 

Percolation for various periods during the first 


year is shown in table 1. Data are given only for 
the lysimeters to be reported on here. Although 
there was some variation between lysimeters for 
individual periods, the totals for non-snowmelt 
periods agreed very closely. Total rainfall for the 
three periods was 35 inches. Values for the snow- 
2” Scholz, Harold F., and Bates, Carlos G. The use of 


water by trees, grass, and crops in southwestern 
Wisconsin, and resultant residues for groundwater 
replenishment. Unpublished report on file at the 
La Crosse field office of the Lake States Forest 
Eept. Sta. 1940. 


TaBLE 1. — Percolation during pretreatment period 
(Inches of water ) 


Condition — Lysimeter number and subsequent treatment 
and : 1. Mulched : 2, Unmulched : 3. Mulched : 4, Mulched : 9, Annual 
period hardwoods hardwoods pine hardwoods grain 
PERCOLATICN FROM RAIN 
Before topsoil added: 
June-August 1934 1.86 1,70 1 ee, 1.68 oS 
Topsoil terraced: 
Sept.-December 1934 Thyenl 7,20 7.67 7.62 7.26 
April-May 1935 1,74 1,40 ibs ote} Ail, We 
Total TORO 10,35 LOT Oued 10.56 
PERCOLATION FROM SNOWMELT 
Topsoil terraced: 
January-March 1935 ma oho) aeoul 5.18 4.28 1.33 


melt period differed widely because of uneven 
snow cover, so they are shown separately. 

It would appear from the data that if snow- 
pack differences are accounted for, the lysimeters 
can be considered alike with respect to percolation 
amounts. Pretreatment tests on surface runoff 
were not made. Apparently it was felt that if per- 
colation were uniform, surface runoff would also 
be uniform. This is a logical assumption, since if 
the soil masses responded uniformly, surface run- 
off would be affected only by surface condition, 
and except for treatment effects, this was the same 
on all lysimeters. 


The Treatments 


In July 1934, when the lysimeters were still ter- 
raced, seeds of red and white oak (Quercus rubra 
and Quercus alba) and black walnut (Juglans 
nigra) were planted in lysimeters 1, 2, and 4. The 
following May, the terraces were leveled and 1-0 
Seotch pine (Pinus sylvestris) seedlings were 
planted in lysimeter No. 3. Both seeds and seed- 
lings were planted just a few inches apart in rows 
spaced at only 16 inches. This spacing permitted 
15 rows of trees per lysimeter. The hardwood spe- 
cies were planted in blocks of 5 rows for each 
species. The upper 5 rows were white oak; the 
middle 5, red oak; and the lower 5, black walnut. 
The close spacing was used so that the trees would 


fully occupy the site in as short a time as possible. 
Throughout the experiment the trees were thinned 
when they began to crowd each other. The thin- 
nings were chopped up and scattered over the 
respective plots. 

The lysimeters not planted to trees were seeded 
to rye to prevent excessive erosion, since the plan 
was to allow the trees to grow for a year before 
treating the other lysimeters. 

The experimental period actually began in the 
spring of 1936. At that time two of the hardwood 
plots? (1 and 4) and the pine plot were covered 
with a 2- to 3-inch layer of leaf litter. Hardwood 
leaves were used on the hardwood plots and Scotch 
pine needles on the pine plot to simulate natural 
conditions. The third hardwood plot was left un- 
mulched. The litter was replaced as needed to keep 
the cover uniform throughout the study. 


The reason for the mulched plots was this: The 
people who planned the experiments knew that 
forests influence the disposition of rainfall in many 
different ways; that one of these was by protect- 
ing the soil against raindrop impact and by insulat- 
ing it against radiation; and that this was due 
largely to the layer of leaf litter or mulch that 
blankets the floor of a forest. So by having both 
mulched and unmulched plots, they hoped to be 
able to isolate the effect of this factor from the 
separate effects of the trees themselves. They 


3) “Plot” as used here is synonymous with lysimeter. 


apparently felt that the effect of hardwood vs. 
softwood litter would not differ enough to justify 
separate experiments with each. So the mulched 
versus unmulched comparison was limited to the 
hardwoods. However, the interception effect of 
the two kinds of litter was investigated in a sup- 
plementary study. 

Of the other two lysimeters whose records are 
used in this report, one was devoted to annual 
grain crops (barley 4 years, corn 2 years) and the 
other to grass. The grain was planted and harvested 


The results of any lysimeter study should be ap- 
praised in the light of the inherent weaknesses of 
lysimeters in duplicating truly natural conditions. 
Many of these, such as soil variability, border ef- 
fects, and unnatural confinement of root systems, 
have been documented by various authors in the 
Symposium of Hannoversch-Munden ( International 
Association of Scientific Hydrology 1959). Else- 
where Harrold and Dreibelbis (1958) reported 
that variation in percolation among lysimeters on 
the same soil type was due largely to soil heter- 
ogeneity and, in a small degree, to differences in 
the agricultural crop cover. They also discussed the 
probability of errors in measuring precipitation 
by standard methods and the effect that this has on 
computing the water balance from lysimeter data. 
Patric (1961b) discussed the inhibiting effect of 
root confinement on the growth of trees. 

Certain limitations peculiar to the lysimeters of 
this study should be noted. Snow did not build up 
uniformly on the separate lysimeters. The tree- 
planted lysimeters tended to accumulate more snow 
by drifting than actually fell. Attempts to overcome 
this uneven distribution of snow by using snow 
fences and planting hedges were largely unsuc- 
cessful; drifting occurred through the years of 
the experiment. Snow depth was systematically 
measured, however, and these measurements are 
presented to help explain the erratic dormant-sea- 
son results. 

The paired construction and the short distance 
between pairs did not allow for isolation areas 
around individual treatments. This would have af- 
fected the later records more than the earlier ones 
because a marked difference in the height of the 
trees on the different lysimeters began to show up 


in the usual way. The grass was a heavy stand of 
Kentucky bluegrass (Poa pratensis), established 
by sodding. It was allowed to grow uninterrupted 
for the first 4 years, but starting with May 1939, 
it was clipped to simulate grazing use. The per- 
colation records for tnis plot were faulty, so only 
its surface runoff and soil loss will be given. These 
records are included to give a comparative picture 
of how trees, grass, and cultivated crops may affect 
runoff and erosion in the study area. 


LIMITATIONS OF THE STUDY 


about the fourth year. By the end of the experi- 
ment (sixth year), the pines on lysimeter No. 3 
were twice as tall as the unmulched hardwoods on 
adjacent lysimeter No. 2. This probably changed 
the effective area of these lysimeters (King et al. 
1956 ). This may also have affected net rainfall on 
individual lysimeters. 

No runoff records were lost by accident over 
the 6-year post-treatment period. However, it was 
suggested by Bates that inclined rains tended to 
fall on and drip from the lysimeter walls ( which 
protruded about 6 inches above the soil surface ) 
and thus form flow channels within the lysimeter 
during heavy rains. This could have produced 
slightly more runoff than would have occurred in 
a natural setting. 

A perched water table in lysimeters and its 
restricting effect on percolation was suggested by 
Aderkas (1930) and was the subject of later re- 
search by Neal et al. (1937), Colman (1946), and 
Colman and Hamilton (1947). To see if this con- 
dition existed on the La Crosse lysimeters, soil 
moisture was sampled once during the study. The 
results showed that soil water apparently moved 
through the lysimeter soil mass much as it would 
move through a natural soil profile, except perhaps 
for some small effect at the seams between soil 
blocks. 

Only one treatment — mulched hardwoods — 
was replicated. Apparently the original researchers 
felt that the pretreatment testing showed the lysi- 
meters to be enough alike before treatment that 
replication was unnecessary. However, to strength- 
en treatment comparisons, the values for both rep- 
lications of mulched hardwoods are given through- 
out the report. 


ANALYSIS OF RECORDS 


The results are summarized by hydrologic sea- 
sons rather than by years. Seasonal comparisons 
are more meaningful because rainfall effects are 
separated from snowmelt and frozen ground ef- 
fects. This helps to reduce experimental error 
caused by climatic variations from year to year. 

For purposes of analysis, May 1 was selected as 
the beginning of the water year. This approximates 
the ending of the dormant season, when soil mois- 
ture is usually at or near field capacity. The as- 
sumed growing season was May through October; 
and the assumed dormant season, November 
through April. Another reason for selecting May- 
April as the water year was that this made 6 full 
years of record available for analysis, the last rec- 
ords being taken in April 1942. 


Effect of Treatment and Time 


Treatment on only two (grass and annual 
grain) of the six lysimeters remained relatively 


+o). ——_- 


F-349644, 402992 


Ficcre 4. — Tree growth on the lysimeters. Mulched 
hardwoods on the left, Scotch pine on the right. 
Upper picture, 1936; lower 1939. 


fixed in time. The cover on the grain lysimeter, of 
course, varied with the annual planting, growth, 
and harvest cycle; and this probably accounted for 
some of the year-to-year differences in the water 
relations on this lysimeter. The occurrence of run- 
off-producing storms with respect to stage of crop 
development would have been particularly im- 
portant. 

The tree-covered lysimeters underwent a grad- 
ual change with time as the trees developed from 
rows of small seedlings to dense stands of saplings 
(fig. 4). With growth of the stems, the tree roots 
undoubtedly occupied more of the soil mass each 
year. An additional change probably took place on 
the unmulched hardwoods plot. Although there is 
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FicguRE 5. — Annual growing-season rainfall and 
runoff. 


no record of it, natural leaf fall probably covered 
more of the soil each year. Cut-up thinnings were 
also scattered over the plot twice during the study. 
Because of the changes on the lysimeters with 
time, the effect of treatment on soil and water re- 
lations also changed with time. Thus it is difficult 
to separate one from the other in an overall an- 
alysis. Showing monthly, seasonal, and annual 
values in the tables helps to do this to some extent. 
Six-year averages are also given. One should re- 
member, however, that the average values by treat- 
ment reflect differences that are caused by both 
treatment and time. Where significant changes oc- 
curred with time, these are discussed separately. 


On Runoff 

Growing season. — During the growing season, 
the mulched hardwoods, the pine, and the grass 
yielded little runoff (fig. 5). Six-year averages 
were 0.46 inch for grass; 0.49 and 0.50 inch for the 
mulched hardwoods; and 0.65 inch for the mulched 
Scotch pine. In contrast, the unmulched hardwoods 
and the grain, both of which offered less protection 
to the soil, averaged 3.68 and 6.49 inches respec- 
tively. The effectiveness of forest litter in reducing 
runoff has been shown by a number of investiga- 
tors.# 


4 Bates and Zeasman 1930; Lowdermilk 1930; Rowe 
and Colman 1951; Rowe 1955. 


TABLE 2. — Runoff from major rainstorms, 1936-1941 


Precipitation 
Storm f : 
date : Amount Intensity 
5 min. 30 min. : Lys. No. 
Inches In./hr. In,/hr. Inches 
1936 
May 22 1.78 4.80 (6) 0.32 
Aug. 27 Ls 73 Zao 1.40 .05 
Sept. 15 PSH) 1.80 1.30 19 
Oct. 3 iol! SIrhe) LES ihe) Alee/ 
Total tai) ae: 
1937 
June 19 2.20 5.10 3.52 6 
Aug. 3 30 3.60 2.12 (@) 
Aug. 18 1.34 3.22 1,54 sO 
Nov. 7 P52 2.28 590 03 
Total 6.48 220 
1938 
July 2 1,02 2.39 1.64 (6) 
July 5 1.55 Sao 2,00 06 
July 21 1.75 6.08 2.86 HOS 
Aug. 16 3.45 Ibs rae 1,06 747 
Sept. 5 2.10 1.84 Boe 04 
Sept. 9 1.99 3.24 1,82 38 
Total 11.86 .98 
1939 
Aug. 20 6.05 2.48 1.34 2 
1940 
June 7 PASC 4,04 2.02 (@) 
Aug. 1 Lee Se 95 fe) 
Aug. 16 ib says} 5.85 3.08 fe) 
Aug. 24 1.49 2,02 1.40 0 
Total 6.66 0 
1941 
May 15 6! 5,20 ab Seas} ~04 
June 29 1.03 4,50 1.90 0 
July 17 seul 3.20 2ealee, 04 
Sept. 7 3.20 1.68 1,02 0 
Sept. 15 2.63 4.32 2,24 ao 
Oct. 6 as 3.24 1.38 -10 
Total 11.76 49 


Mulched hardwoods 


Runoff 


: Annual 
: Grain 


Unmulched ;: Pine < Geass 
Lys. No. 4 hardwoods = : 


Inches Inches Inches Inches Inches 
O25) ORS 0.38 0.41 0.95 
.05 aA, «03 18 1.34 
56 seit s13 Fa sho 
Fakes} O2 ailal nO02 80 
.90 1.86 .65 13} 3.84 
12 1,60 pa lee 06 1.54 
(6) .64 (0) 0 81 
Ol 50 (0) (0) 66 
04 59 OZ re) .60 
ily/ 3233 16 06 3.61 
02 42 sont 0 ~69 
.O7 316 .0O9 04 1326 
04 82 all 6) 75 
5a 1.46 209 28 Deisys} 
06 65 06 02 aeBt 
33 1.00 30 PX 95 
Atif Blut Ls 61 7.05 
18 Lash) 30 42 3.09 
02 208 .08 Ol a7 
0 11 (6) re) 62 
(6) 207 0) ce) 1.16 
O Pili; Ol 0 39 
.02 53 .09 .Ol 3.64 
Ol Rey .03 Ol 1.08 
(¢) 720 (0) 6) OZ 
(6) 46 . 06 0 .79 
(0) «09 305 ie} ayers 
Aek) 1.36 Salts} 03 ot 
opel! .63 04 02 91 
Auk 3.86 736 stat 6.34 


TABLE 3. — Total runoff from major storme as percent 
of total storm precipitation 


Mulched hardwoods 


Year 

Lys. No. 1 Lys. No, 

1936 10.1 12.5 
1937 3.1 2.6 
1938 8.3 7.3 
1939 3.5 3,0 
1940 0 a) 
1941 4,2 4,3 
5.2 5.3 


All years 


Most of the yearly growing-season runoff came 
from just a few high-intensity storms (table 2). An 
average of four storms per year produced 71 per- 
cent of the runoff, using the annual grain plot as a 
base. This compares favorably with the findings of 
Hays et al. (1949). These storms made up only 36 
percent of the total growing-season precipitation. 
To cite an extreme year, the 6.05-inch storm of 
August 1939 produced 81 percent of the runoff for 
that season from the annual grain lysimeter. The 
high runoff of 1938 and 1941 (fig. 5) is clearly 
related to the comparatively large number of major 
runoff-producing storms of those years (table 2). 


Comparative runoff from the different vege- 
tative covers expressed as a percent of storm rain- 
fall may be of interest (table 3). The 6-year aver- 
age was low for all mulched tree plots and for the 
grass (from 4.1 percent for the grass to 5.5 per- 
cent for the pine). On the other hand, the un- 
mulched hardwoods gave up 34.1 percent and the 
grain 55.1 percent 


TABLE 4. — Annual runoff as percent of runoff 
from annual grain lysimeter 


Year Mulched hardwoods : Unmulched : Pine.) Grass 
. : Lys. No. 1 : Lys. No. 4 : hardwoods : 8 
GROWING SEASON 
1936 15.2 18.2 54,5 24,7 23.5 
1937 4.5 3.4 100.0 3.7 1.6 
1938 956 8.8 68.3 11.2 Dell 
1939 5.6 4,8 35.9 8.0 11.0 
1940 0 4 32.4 2,0 3 
1941 Denk Dio 48.7 6.0 1.3 
DORMANT SEASON 
1936-37 61.0 74.0 299.7 31.0 171.3 
1937-38 90.6 67.2 183.7 80.1 65.4 
1938-39 112.4 164.0 303.6 53.2 Dilek 
1939-40 237.5 L716 432.8 26.5 61.5 
1940-41 14,4 51.6 Lino 30.8 44,2 
1941-42 Le? akg iGat 9637 19.7 53.7 
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: Unmulched ; j Annual 
Pine Grass ; 

hardwoods grain 
29.9 9.0 11.4 53.4 
51.4 2.95 5) 595.7 
43.1 9.9 DL 599.4 
22.3 5.0 679 51.1 
23.0 1.4 1 54.6 
32.8 3.1 ate) 53.9 
34,1 5.5 4.1 55.1 


Although the trend of growing-season runoff 
with time is not too clear-cut, it appears to have 
decreased over the years on all but the annual grain 
lysimeter (tables 4 and 5, fig. 6). This can best be 
seen by comparing the record with that of the 
annual grain lysimeter on which the vegetation 
influence did not change progressively with time 
(table 4, fig. 6). 
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Figure 6. — Accumulated growing-season runoff. 


TABLE 5. — Seasonal precipitation, runoff, and percolation by years 
(Precipitation in inches; Runoff and percolation in percent of precipitation) 


Mulched hardwoods 


Unmulched Z 


; iis eee Pine : 1/* annual srain 
Year eres a Lys Nose Lhy.seNo se 14 hardwoods SUESES : ie 5 
wee ae :Runoff:Percol. :Runoff:Percol, :Runoff:Percol. :Runoff:Percol.:Runoff :Runoff:Percol. 
GROWING SEASON 

1936 18.43 Dis TES) 6.4 6.4 al 0) sh5 of 126 8.3 Sorel: (0) 
1937 18.93 n® 20,6 Sit ALS) 3) 6) stl 4.5 <3 19.9 (@) 
1938 32.05 See, rie qab 2.9 Sie, oil LS Si cilh ao IEG) OES 0 
1939 17,51 1.2 3 15) Aal .8 0) AEA ef 0 2.4 21.8 fe) 
1940 21.42 (e) 2 silt 0) ates 2o -o (6) 1 23.1 0 
1941 29.19 1.8 (oil A) 5.8 4 id 9 6) 4 Sie 1.4 

Av. 22.92 Pregl 9.2 2.2 8.1 A) 5S 2.9 2 2.2 2795 0.2 

DORMANT SEASON 

1936-37 8.03 Qos 51.2 melts 6 DZS 0 6) 4.9 51.0 26.9 Sys 7 6) 
1937-38 11.06 30.0 5.0 22,2 hs tl 9 (0) 26.6 0 21.7 33.1 0 
1938-39 9622251 SHUG) 32.3 33.6 qi 2S al 10.5 37.4 V2 Ike O 
1939-40 Toe 4050 0 29.6 () t fe) 4.6 io) 10.6 ibe ay 0) 
1940-41 10.39 7.6 34.8 Dilber: a) 4 59.5 16.1 (0) 23.2 52.4 .6 
1941-42 8.34 ve: SiG 7.4 54.6 7) tate) Sc) 8.5 1.4 PABISE) 43.4 24.6 

Av. Ol2N ses 36.7 21.7 25.0 6 29.0 LIES 15.0 ORS 30.2 4,2 

1/ F 
— Percolation record was faulty. 
Dormant season. — The effect of treatment on would have begun to exert the same influence as 


dormant-season runoff, which was largely from 
melting snow, was less pronounced ( table 6), prob- 
ably because frozen ground is the major cause of 
dormant-season runoff (Hays et al. 1949). Most 
of the runoff normally occurs over a few days’ time 
late in winter or in early spring when the accum- 
ulated snowpack melts. Rains at this time of the 
year can also contribute to it (Garstka 1944). AL 
though forest cover is known to inhibit soil freez- 
ing in the study area (Scholz 1938), it is unlikely 
that the small trees and litter on the lysimeters 


do natural forest stands. These were essentially 
garden plots on soil that had been farmed for many 
years. The effect of living and dead plant materials 
on the ground, which exerted the primary in- 
fluence on growing-season infiltration, was prob- 
ably almost completely nullified when the ground 
froze. Although frost was not measured on the 
lysimeters, present-day knowledge of ground freez- 
ing (Pierce et al. 1958; Trimble et al. 1958; Sartz 
1957 ) and the climate of the area both suggest that 
some freezing did occur on the lysimeters regard- 
less of treatment. 


TABLE 6. — Dormant-season runoff by years 
(Inches ) 


Mulched hardwoods 


ped Sao al cu Lys. Nos 4 
1936-37 0.769 0.932 
1937-38 3322 2.460 
1938-39 2.126 3.103 
1939-40 2.978 2ei 52 
1940-41 187 2.814 
1941-42 .062 .620 

Total 10,044 L270Si 
Average 1,67 2.01 


Unmulched Dimes eanee Annual 
hardwoods ;: - : grain 
S16 0.391 2,158 1.260 
Ge ws56 OS 223 OF 3.666 
5.744 1.006 1,081 ewe 
3,429 AG SAL 1,254 
-974 1.676 2.410 5.450 
5500 Bhs} 1,942 3.616 
23,009 “aOoor LMORa9 Les 
Ios LS Ma ghg) 2.86 
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TABLE 7. — Snow depths on day of peak snowpack 
(Inches ) 


poe : Lys. No. 1 : Lys. No. 
1-31-37 LT 11.8 
1-31-38 7.8 9.1 
3- 7-39 4.€ 9,7 
3-14-40 Ae 8.4 
3-12-41 15,4 ies 
117-42 14,2 5.6 

Average —«i11,5 8.7 


Another factor that influenced dormant-season 
runoff was the uneven distribution of snow. Table 
7 shows average snow depth ( water equivalent was 
not measured ) on each lysimeter at the peak date 
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erain plots showed no percolation during the month. 
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Muicned sardwoods 


4 


Unmulched eee Annual 

. rine Grass : 

hardwoods 3: grain 
14.3 SiG Inet, 10.6 
12.4 12.4 8.8 2.6 
12.6 19,4 3.4 210 
220 L359 i So 5.0 
24,6 10,3 6.4 8.5 
18.4 4,3 Sek 10.0 

pny e5 123 652 6.6 


each year. This should be a reasonable estimate of 
the relative amount of snow water available for 
runoff and percolation, even though snow depth 
at the peak date was not necessarily an indication 
of snow water at the time of melt. 


The impact of soil freezing and snowpack dif- 
ferences make it difficult to draw definite con- 
clusions from the dormant-season data. While a 
deeper snowpack may have made more water avail- 
able for runoff, it also may have had a greater in- 
hibiting effect on soil freezing. Depth of snow is 
known to have a significant effect on soil freezing 
( Atkinson and Bay 1940; Bay et al. 1952). Thus less 
runoff could have come from the deeper snow be- 
cause a shallower or less continuous frost allowed 
more water to infiltrate the soil. 


The effect of a litter cover (the mulched trees 
and grass) as compared with bare ground (un- 
mulched hardwoods and grain) may be reflected 
in the 6-year averages shown in table 6. However, 
the interrelationship between snow cover, vegeta- 
tion and litter cover, soil freezing, and runoff is 
complicated. So the results of this phase of the 
experiment cannot be considered conclusive. 

Annual distribution. — Seasonal runoff as a 
percent of annual runoff for the 6-year period is 
shown below: 

Percent of annual runoff during— 
Growing season Dormant season 
Mulched hardwoods: 


Lysimeter No. 1 PRIDE Teo 
Lysimeter No. 4 OES 80.1 
Unmulched hardwoods 49.0 51.0 
Pine 3399) 64.5 
Grass 20.4 79.6 
Annual grain 69.4 30.6 


Growing-season runoff from the mulched trees 
and grass was low compared with dormant- 
season runoff, whereas the reverse was true for 
the grain. This probably reflects the influence of 
a ground cover in maintaining a high capacity for 
infiltration from rainstorms (Packer 1951), and 
also its lesser influence under winter conditions 
(Rich 1959). Runoff from the unmulched hard- 
woods was about evenly divided between the grow- 
ing and dormant seasons. 


On Percolation 

Growing season. — Monthly and annual perco- 
late during the growing season is given in table 8. 
Data for the grass-covered plot are not shown be- 
cause the records were faulty. Only the two mulch- 
ed hardwood plots yielded significant amounts, 
averaging 2.26 and 2.03 inches annually. There was 
marked variation by year. The pine lysimeter, for 
example, yielded percolate only during the first 3 
years; the grain, only in the last year. 

Percolation from the mulched trees during the 
growing season generally decreased with time 
(table 5). Whether this is a real time trend or 
merely the result of climatic variations may be de- 
batable. Seasonal variation in rainfall, snow ac- 
cumulation, and soil moisture can easily obscure 
differences in percolation that may be caused by 
differences in land use ( Dreibelbis 1954). Howev- 
er, according to both theory ( Penman 1956; Tanner 
1957) and experimental evidence (Moyle and 
Zahner 1954; Metz and Douglass 1959; Hill 1961), 
as a plant cover becomes denser and as its root 
system more fully occupies the soil, it will invari- 
ably use more water. This may well explain the 
apparent trends that the lysimeter records show. 

Rate of percolate flow varied widely by treat- 
ment during an extended period of rain in Septem- 
ber 1938 (fig. 7). Even after more than 8 inches 
of rain, the unmulched hardwoods lysimeter yield- 
ed but little percolate, the pine and grain, none. 

The difference in percolation between the 
mulched hardwoods and the mulched pine is inter- 
esting. According to the pre-treatment test period, 
summer percolation from the three lysimeters was 
very much alike (table 1). Surface runoff in Sep- 
tember 1938 was also similar, differing by less 
than one-tenth of an inch. Still the hardwoods 
yielded about 2.5 inches of percolate for this month 
as compared with none from the pine. The dif- 
ference was probably caused by one or more of 


the following: higher transpiration loss by the 
pine; higher evaporation loss through the pine 
litter than through the hardwood litter; higher 
interception loss from the pine. 

The low percolate yield from the unmulched 
hardwoods and grain is probably best explained 
by the higher amounts of surface runoff, hence a 
drier soil mass and greater opportunity for mois- 
ture storage in these lysimeters. The unmulched 
hardwoods and grain plots yielded 7.3 and 10.7 
inches of surface runoff during the 1938 growing 
season, while the three mulched plots yielded only 
about 1 inch. 

Dormant season. — Treatment effects on dor- 
mant-season percolation are not clear-cut. Annual 
variation was great (table 9) and does not appear 
to be related to snow depths (table 7). Dormant- 
season percolation can be affected by many dif- 
ferent factors: soil moisture deficit at the end of 
the growing season; dormant-season runoff; snow 
drifting; net insolation, and snow interception; the 
pattern of soil freezing: and spring rains. The 
effects of treatment are therefore highly specula- 
tive. There does appear to be a gross relationship 
between snow depth and total water yield, how- 
ever. Average percolation plus runoff from snow- 
melt (table 10) correlated well with peak snow 
depth for the three hardwood and the grain lysi- 
meters (fig. 8) but not for the pine plot. 

Percolation from the unmulched hardwoods in- 
creased substantially in the last 2 years (table 
9). Part of this was no doubt the result of more 
favorable conditions for percolation in those years. 
This is indicated by the record from the grain lysi- 
meter. However, it could also result from a combi- 
nation of decreased surface runoff (table 5) and 
lower transpiration loss (as compared with the 
mulched hardwoods and pine) as well as from its 
deeper snowpack (table 7). In contrast to the un- 
mulched hardwoods, the pine lysimeter yielded no 
percolate at all in 1940-41, and only 0.12 inch dur- 
ing the high percolation year of 1941-42. This was 
a decided drop from the first 3 years, when it 
yielded about the same amounts as the mulched 
hardwoods. The change probably resulted from in- 
creased soil moisture withdrawal by the faster- 
growing denser pines. 

Cn Soil Loss 

Soil loss was very low from all lysimeters that 

had a protective mulch cover but high from the 
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TABLE 8. — Growing-season rainfall and percolation by months and years 


Year and : ; Mulched hardwoods Unmulched , Annual 
month Ratotetl Lys. No. Lys. No. hardwoods See : grain 
1936 
May Sled, 0.682 0.537 O 0.051 O 
June 2,24 palit ~637 6) 2239 O 
July 0.91 0) ) O 0) 0) 
August 3,65 O O 0) O O 
September 9.24 6) O 6) O 6) 
October 3.22 6) O O 0) 0 
Total 18.43 1,393 1.174 O 290 6) 
1937 
May 3,46 2,983 2.809 ) 8356 6) 
June 4,42 .920 .007 O .018 Q 
July 0,76 O 0) O ) ) 
August 4.33 O O 6) O O 
September 2.22 O 6) O O O 
October 3.74 0 6) 0 O O 
Total 18.93 3.903 3.316 0 .854 O 
1958 
May 4,95 3.251 3.299 -058 . 300 0) 
June 4,52 .116 123 022 ) 0) 
July Play 303 .076 0) 0 O 
August 5.901 6027 O O O O 
September 8.21 2,431 2,494 ~493 0 O 
October 1,34 O O O O 6) 
Total 32.05 6,128 5.992 2073 300 O 
1939 
May 2.13 0,060 0.021 O O ) 
June Zee 6) O 6) 6) O 
July 1.71 O 0 O O O 
August 8,54 O O O O O 
September 0.89 0 O 0 0) 0 
October 1A 6) 0 6) 0 0) 
Total 17,51 - 060 ~O21 O 0) ) 
1940 
May 3.41 O 0) 0) 0) 0) 
June 5.45 036 0) ~L16 O 6) 
July 2.06 O O O 0) 6) 
August 7,29 0) O 0 O 0) 
September 0.38 0 0 O O 0 
October 2.83 6) O O 0) 0) 
Total 21,42 .036 O alee O O- 
1941 
May 6,10 ~979 2048 - 408 O 6) 
June 5,29 1.044 841 1,167 O 395 
July 2g ANT O O O 6) 0) 
August aE ALOE O 0 0) 0 0 
September 9,28 10) 0 0 0 0 
October 5,34 045 310 .370 O 0 
Total 29.19 2,068 1,699 1.945 O 2395 
Total 137,53 13,588 12,202 2.634 1,444 395 
6-year av. 22.92 2.26 2,03 44 24 BO / 


(Inches ) 


TaBLE 9. — Dormant-season percolation by years 


(Inches ) 
y Mulched hardwoods Unmulched : ps : Annual 
ees : Lys. No. 1 : Lys. No. 4 : hardwoods : on) : grain 
1936-37 4,111 4,203 8) 4,099 O 
1937-38 ,000 ~852 O O O 
1938-39 3,043 SeZo0 Pre Aes 36099 O 
1939-40 O 0) O O O 
1940-41 53.4, (Gl aL 0.195 6.184 O 058 
1941-42 8.143 4.552 7,450 eas 2,053 
Total 19, 458 13,035 16,047 ene Zyeplelet 
Average 3,24 7d > ALT ZO, 30 230 
TABLE 10. — Percolation plus runoff during snowmelt period 
(Inches ) 
eae Mulched hardwoods Unmulched : pine = Puebeibielt 
Lys. No. 1: Lys. No. 4 : hardwoods : : grain 
1936-37 3.02 4,29 8} 5 Ske) 4,19 Ibe Ley 
1937-38 3.80 See, 5.41 2.92 SO 
1938-39 3.85 4,82 6.28 4.60 Ib take) 
1939-40 2.98 2,15 59.43 0.33 1,25 
1940-41 4.40 Bre Olt 6.83 1,64 4,99 
1941-42 5,99 3.45 6.15 0.83 5.02 
Average An OM 3,49 5.98 2,42 PX 13k 
TaBLE 11. — Annual’ soil loss 
(Tons per acre) 
Venn Mulched hardwoods Unmulched S Aethyso ren ce ere 
: Lys. No. 1: Lys. No. 4 : hardwoods : : ; grain 
1936-37 OFS 0.19 17,09 OFZ AL {eye} VEAL; ARs) 
1937-38 03 - 06 2,45 =, (Oat OU IES} 5 71k 
1938-39 70S LO ORS9 202 5 (0}53 55.80 
1939-40 04 On pelt 2Ou On 5.46 
1940-41 0 Q AeAak A@it .02 12,20 
Average A (0) nO”, 4,05 OS 5 Ae 20,06 


Dyan May 1 to April 30. Soil loss was not measured after 


September 30, 1941. 


unmulched hardwoods, particularly the first year, 
and the grain (table 11). That forest litter and 
dense ground cover minimize soil loss, even though 
surface runoff may occur, has been shown by many 
others (Bates and Zeasman 1930; U.S. Forest 


Serv. and U.S. Soil Conserv. Serv. 1940; Marston 
1952). 

The 5-year averages of 0.03 to 0.07 tons per acre 
for the mulched trees versus 0.23 tons per acre 
for the grass is not a meaningful comparison. The 
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higher average for the grass results from the 1.08 
tons per acre for 1936-37; 97 percent of this came 
from one storm in May, just a few weeks after the 
sod had been laid. The higher-than-average values 
for the mulched trees in 1936 also resulted from 
this storm. The litter had been spread on the plots 
about the time that the sod had been laid, and the 
loosely lying leaves and needles were undoubtedly 
less effective in reducing erosion than they were 
later. 


Although the effect of time on runoff and per- 
colation was somewhat uncertain, its effect on soil 
loss from the unmulched hardwoods was clear-cut. 
Soil loss dropped from 17.09 tons per acre the first 
year to 0.21 tons per acre the fifth year. The de- 
crease was progressive, despite the fact that the 
erosion potential, as judged from the performance 
of the annual grain lysimeter, varied greatly from 
year to year. The other plots showed no change 
with time. Since the soil was almost fully protect- 
ed from the start (except for a settling period 
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the first month ), soil loss was minimal throughout 
the study. 

Seasonal distribution of soil loss did not follow 
that of runoff. Whereas most of the runoff oc- 
curred in the dormant season, most of the soil loss 
occurred in the growing season, This was expected, 
since dormant-season runoff was largely from 
frozen soil, and rate of soil detachment is normal- 
ly low under this condition. 


Distribution and Duration of Percolation 

In the average year, percolate flowed on rel- 
atively few days, even from the higher producing 
lysimeters (table 12). This was especially true 
during the growing season. Most of the percolation 
that did occur then came in May and June. In 
most years there was a continuous flow from April 
into May, and some years it continued into June. 
This reflected the high level of soil moisture that 
is normal here in early spring months. Only in 
1938 did any percolate flow in summer months, 
and this was an especially wet summer (table 13). 
Low percolate yield and ground-water flow during 
the months of high evapotranspiration loss are 
typical of the climatic belt, as has been shown by 
other lysimeter investigations (Lyon and Bizzell 
1918; Harrold and Dreibelbis 1958), by streamflow 
records, and by recent studies of springflow on the 
Coulee Experimental Forest.® 

Most of the dormant-season percolation oc- 
curred in March and April, the result of melting 
snow and spring rains on wet soil. The curves for 
each year except 1939-40.(none occurred on any 
of the lysimeters during the dormant season that 
year) are given in figure 9. Normally, fall rains 
went into soil moisture storage, replenishing mois- 
ture that had been depleted during the summer 
months. There were a few exceptions to this, how- 
ever, one of which is worth noting. Percolate had 
flowed from the three hardwood lysimeters in 
September 1938, following an 8-inch rain. A 3-inch 
rain in November, falling on the already wet soil, 
also produced flow from these lysimeters (fig. 10). 

There was only limited opportunity during the 
years of the experiment to study soil water de- 
pletion from percolation during extended rainless 
periods. Percolation occurred a few times, how- 
ever, when precipitation either was lacking, was 
very low, or fell only as snow. Daily percolate 


5 Data on file at La Crosse, Wis., field office of the 
Lake States Iorest Experiment Station. 


TaBLE 12. — Number of days in which percolate flowed 


Yous Mulched hardwoods Unmulched pine Annual 
Lys. No. 1 Lys. No. 4 : hardwoods grain 
GROWING SHASON 
1936 48 44 O 26 O 
1937 AT 42 O 36 O 
1938 68 59 S31 13 O 
1939 3) 4 0) O O 
1940 4 O A O O 
1941 38 32 Al @) 8 
Average SE 30 nS 12 1 
DORMANT SEASON 
1936-37 108 © 79 6) 109 O 
1937-38 iL7/ 14 O aL O 
1938-39 108 107 83 39 8) 
1939-40 O 6) O O O 
1940-41 Sf 1S 54 O 7 
1941-42 87 81 8 19 44 
Average 60 4S ll 28 8 


yields during these periods are plotted in figure 
10 to show the rate of drainage of soil water from 
the lysimeters when evapotranspiration losses were 
low. Percolate flowed continuously for as long as 
20 days without rainfall. That water can be dis- 
charged from unsaturated soils over extended per- 
iods of time has been verified recently by Nixon 


TABLE 13. — Precipitation by months and seasons 
(Inches ) 
Month and : : . $ - 2 
sees 1936 © 1937 ‘ 1938 ‘ 1939 * 1940 | 1941 
season . : = : < : 
GROWING SEASON 
May Bees eAG e495 me me2alS. 63541) 16.10 
June 9624) - 4,42 9 4°52 2532) 5.45 5.29 
July OSO1e (On 7GRE eb 2elegie 2506) 92.17 
August 3.65 4,33 BqeHt 8.54 7,29 Ou 
September Sao Ae O2uosciye 10.89) eOss8) 9.28 
October BLO. ov SinGy.N s SlEC py Ky make 
Total 18.43 18.93 32.05 17.51 21.42 29.19 
DORMANT SEASON 
November O83 O07 Ses “OARS DEI ao) 
December LO 0,45 0.84 0.76 Sh) ios 
January I1MGOMEOPSINN Ie 28 10.57 1.26 (0.23 
February TAO On alsGR “Ws7Ak Ose “Weics) 
March ONSANRo OM ON Dom eon i708 2269 
April S08) se | Wes) Ringel Bek Salah) 
Total SHOSmE LIN OGEEEORG OM he Tn OSSOmONS 4 


Water year 26.46 29.99 41.67 24.78 31.81 37.53 


and Lawless (1960), and by Hewlett (1961), who 
gave this as one explanation for the base flow 
of streams. 


The Annual Water Budget 


The complete water budget is shown in table 
14. The budget is given for two 3-year periods be- 
cause of tree growth and its apparent effect on 
evapotranspiration. The grass plot is not shown 
because of its faulty percolation record, but a rough 
estimate is given a litthe farther on. 

Evapotranspiration rates were high for all 
crops, ranging from 65 percent of precipitation 
(unmulched hardwoods in the first 3-year period ) 
to 96 percent (pine in the second 3-year period ). 
Similar high rates of evapotranspiration were re- 
ported from lysimeter studies in Ohio by Harrold 
and Dreibelbis (1958) and from another lysimeter 
study at the La Crosse Station by Kilmer et al. 
(1944). From heat-budget measurements and lysi- 
meter data, Tanner® estimated average annual net 
radiation at Madison to be 29 inches and evapo- 
transpiration (average for all cover conditions ) to 
be 24 inches. These are estimates of the long-term 


6 Tanner, C. B., unpublished data, College of Agricul- 
ture, University of Wisconsin. 
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FiGURE 9. — Accumulated percolation from snowmelt and spring rains, 1937-39, 1941, 
and 1942. No percolation occurred during this period in 1940. 
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Figure 10. — Rate of soil 
moisture drainage dur- 
ing rainless periods, 
lysimeter No. 1 (mulch- 
ed hardwoods). 
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averages. Since the actual values would vary some- 
what from year to year as precipitation does, the 
figures are not directly comparable to the data 
cited here. 

In terms of total water yield, the unmulched 
hardwoods and the grain produced the most — 
about 10 inches. This resulted from their high 
rates of surface runoff, hence less opportunity for 
loss by evapotranspiration. 

At the time the Forest Service lysimeters used 
in this study were built. the Soil Conservation ser- 
vice installed a battery of six soil-monolith lysi- 
meters. These were only 36 inches in diameter, 
but soil type and depth were the same as those of 
the Forest Service lysimeters. The surface of the 
lysimeters was level. They were located on the 
same slope and were less than 50 feet away. 


The study by Kilmer et al. (1944), which was 
made on the Soil Conservation Service lysimeters, 
provides an interesting comparison for the water 
budget from the annual grain lysimeter, since both 
were operated from 1936 to 1938. Three lysimeters 
of Kilmer’s study were in corn annually. The water 
budget for the two follows (in inches): 


Annual grain Corn 
Forest Serv. SCS 
Runoff 9.2 12.8 
Infiltration 2330 21.8 
Percolation 0 2 
Evapotranspiration Dore 21.6 


Estimates for a low, closely growing cover ob- 
tained by Bay and Hull (1952) may serve as a 
substitute for data lost from the grass lysimeter. 


1) 


TaBLe 14. — Average annual water budget for two 3-year periods' 
(Inches ) 


Precipitation ; Runoff 


Mulched hardwoods 


9 
Infiltration— 


ye iivapo- : Total 


Percolation E : : 
transpiration : yield 


1936-1938 


Lysimeter No, 1 SP Ale PAPE eAO) 29.91 6.38 23.00 9,18 
Lysimeter No, 4 pee ak 2.91 29,80 6.26 23),04 Oo, 
Unmulched hardwoods B2icutd: 10,28 22,43 100: 21.43 11.28 
Pine - S22 dil 2,42 305.29: 3.05 27.24 547 
Annual grain 32, 7¢1 9,24 23.47 0) 23.47 9,24 
1939-1941 
Mulchea hardwoods 
Lysimeter No. 1 S1L237 1,52 29.85 4,64 29.21 6.16 
Lysimeter No. 4 3123 Ps Ala 29.26 2.16 27.10 Br, 
Unmulched hardwoods Saeore 4,74 26.63 5.23 21.40 9.97 
Pine 31,37 1.23 30.14 04 30.10 ae PATE 
Annual grain Se Se 9,45 21.92 = 84 21.08 10.29 
Water year: May 1 to April 30, 
{precipitation less runoff. Interception ignored, 


They studied water losses from. clover-timothy hay 
on the Soil Conservation Service lysimeters at La 
Crosse for 2 years — 1943 and 1945. Average an- 
nual losses and the 2-year averages, all in inches, 
were: 

1943 1945 Average 


Precipitation 24.41 38.73 31.57 
Runoff 2:82) 4/2 3.77 
Infiltration 21.59 34.01 27.80 
Percolation AB 4.24 2.36 
Evapotranspiration aa led ten PAS LAL, 25.44 


Although the range between the 2 years is 
large, average precipitation is about the same as 
for the period 1939 to 1941. So the corresponding 
evapotranspiration of 25.44 inches should be a 
rough approximation of what evapotranspiration 


losses from the grass lysimeter would have been 
for this period. 


It is interesting to compare lysimeter records 
with local streamflow records (Harrold 1947). 
Coon Creek, a 77-square-mile watershed south of 
La Crosse, provides such a comparison. About 35 
percent of the watershed is forested; most of the 
rest is in agricultural crops or pasture. Soils on 
about three-fourths of the watershed are loessal 
silt loams — the soil used in the lysimeters. For 
the 1936 to 1938 period used in this report, the 
flow of Coon Creek was 7.05 inches. This was 25 
percent of the average precipitation measured on 
the watershed. Total yield from the lysimeters for 
this period ranged from 17 to 34 percent of pre- 
cipitation. 


The results of this lysimeter study, though lim- 
ited in time and statistical design, should still be 
of interest to land-use hydrologists and others con- 
cerned with the conservation of soil and water. 
Because analysis and publication were unavoid- 
ably delayed, the writeup is perhaps of more value 
in confirming the results of more recent research 
than it is in presenting new findings. 

As originally planned, the study was to con- 
tinue for a much longer period of time so that the 
“forest” plantings would have had greater op- 
portunity to alter the soil. Comparing the small 
trees with agricultural crops, both on an agricul- 
tural soil, does not provide a true measure of the 
effects of trees in a forest. In many ways the study 
dealt more with a variety of agricultural crops. 
Under these conditions then, it would be pre- 
sumptuous to draw inferences on the relative ef- 
fects of forests versus agricultural crops on ele- 
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EVALUATION OF THE STUDY 


ments of the water cycle. 


Uneven accumulation of snow and the lack of 
snow-water measurements on the lysimeters re- 
duced the accuracy of the water budget figures. 
When accurate water budget figures are desired 
from lysimeter measurements in climates where 
snow is a significant component of the annual pre- 
cipitation, provision should be made to prevent 
drifting or to properly account for it on the lysi- 
meters. 


«Despite its shortcomings, the study provided 
some new information on the disposition of pre- 
cipitation by different types of cover on loessal 
soils in a cold, midcontinental climate. And it fur- 
ther confirmed that the distribution, amount, and 
quality of water are strongly affected by the nature 
of the watershed cover and by the condition of the 
land. 
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